Abstract The aim of this study was to evaluate the animal performance, commercial cuts, and their yields within the production system, and economics of sheep production, of lambs finished in feedlots and fed with or without biodiesel co-products. A total of 40 lambs were divided into four biodiesel co-product treatment groups: a no-treatment control; peanut meal; crude glycerin; and peanut meal + crude glycerin. Animal performance did not differ (P > 0.05) among the treatment groups, where the average daily gain was close to 0.26 kg/day. Likewise, the quantitative carcass characteristics did not differ (P > 0.05) and the biological mean yield was 54.92%. Similarly, the commercial cuts and their yields did not differ (P ≥ 0.09) among the treatments. These results took into consideration the standard, age, and slaughter body weight of the animals. The economic evaluation determined that peanut meal was the best co-product for use in finishing lambs in a feedlot. Hence, all the biodiesel co-products evaluated can be used at feedlots to finish lambs without changing the variables measured.
Introduction
The current world scenario concerning the environment is the negative effects of climate change, which have caused innumerous problems within the agricultural system. The main problem is interrelated with the trend in decreasing rain quantity that will eventually reduce annual agricultural production globally (Myers et al. 2017) . Considering the relationship between agriculture and livestock, it is feasisble to say that livestock production will be negatively affected by such reductions as well. Given that population growth is only increasing worldwide, the pressure to achieve the best results in livestock and agricultural practices is constant and ever-demanding.
To increase the supply of food for humans, it is important that distinct species ingest diverse kinds of food. Therefore, the diet of animals destined for human consumption should be changed in such a way so as to improve the sources of protein and energy for the human diet due to the higher grain and animal proteins available. One way to feed animals with other kinds of diets is to use agroindustry co-products. Nowadays, many kinds of meals, seeds, and other products result from daily manufacturing.
Glycerin is a co-product of biodiesel production from vegetable oils and can be used to replace corn grain as an energy ingredient in animal nutrition (Ezequiel et al. 2015) . Another co-product of biodiesel production is peanut meal (PM), a residue from oil extraction. PM is a great protein source and could replace soybean meal in animal diets. These replacements would result in higher food quantities for humans. The quantities of such co-products for use in animal diets are increasing annually; for example, each biodiesel unit produced results in 10% of glycerin (Oliveira et al. 2013) . Consequently, the potential environmental problems caused by overproduction of these co-products can be resolved by redirecting them for use in animal nutrition.
Several authors have evaluated the effects of replacement levels of agroindustry co-products on the performance and commercial cuts of lamb (Ružić-Muslić et al. 2014; Merlim et al. 2015) , and although none of them reported negative results in this regard, those researchers did not evaluate a simultaneous replacement of protein and energetic ingredients. Hence, the aim of this current study was to evaluate the economic viability and effects of dietary replacements of corn grain and soybean meal (traditional ingredients) with crude glycerin (CG) and PM (biodiesel co-products) on the animal performance and commercial cuts and yields of lambs finished in feedlots. Our hypothesis is that replacement of the traditional ingredients by biodiesel co-products would not alter the performance and results (commercial cuts and economics) for Ile de France lambs finished in feedlots.
Materials and methods
The experiment was developed at the School of Agricultural and Veterinarian Sciences-Unesp (Campus Jaboticabal, Brazil), located at 21°14′ S, 48°17′ W; elevation 615 m.
The experimental diets evaluated in trials (Table 1) were formulated according to National Research Council guidelines (NRC 2006) for weaned lambs, for an average weight gain of 300 g/day. The roughage-to-concentrate ratio was 40:60 in all diets, with treatments consisting of roughage + concentrate only (Control group), roughage + concentrate with PM at 20% dry matter (DM) (PM20 group), roughage + concentrate with CG at 25% DM (CG25 group), and roughage + concentrate with PM at 10% DM and CG at 12.5% DM (PMCG group). The diets were supplied to the animals in a total mix ratio and had similar quantities of nitrogen (crude protein (CP) 17%) and metabolizable energy (ME~11.30 MJ/kg DM). Samples of the diets and feed refusals obtained from the performance trial were oven-dried at 55°C for 72 h and then ground through a Willey mill with a 1-mm sieve. Thereafter, they were stored and later analyzed to determine the DM, mineral matter, and ether extract according to methods 934.01, 942.05, and 920.39, respectively, of the Association of Official Analytical Chemists (AOAC 1995) . The nitrogen concentration was determined using a LECO FP-528 nitrogen analyzer (LECO Corp., St. Joseph, MI, USA). The metabolizable energy was calculated after determining the crude energy in an adiabatic bomb calorimeter (Anton Paar GmbH, Graz, Austria) (Sniffen et al. 1992; NRC 2006) .
The neutral detergent fiber was determined using α-amylase and without the addition of sodium sulfite according to Van Soest (1994) , in a method adapted for the Ankom
200
Fiber Analyzer (Ankom Technology, Fairport, NY, USA). The acid detergent fiber was determined using the method described by Goering and Van Soest (1970) , adapted for the Ankom 200 Fiber Analyzer.
A total of 40 non-castrated Ile de France lambs (17.15 ± 1.56 kg initial body weight) were used. When the lambs were about 60 days old, they were weaned and allocated to individual pens. Each pen was of 1.0 m 2 area and had an individual water drinker and feeder. During the weaning process, the lambs were identified, dewormed, vaccinated against clostridiosis, supplemented with Fe and vitamins A, D, and E, and distributed randomly to the treatments.
To evaluate the individual dry matter intake (DMI), we used three measurement units: kilograms per day (kg/ day), grams per kilo of metabolic weight per day (g/kg 0.75 /day), and percentage of body weight (%BW). The DMI was calculated daily as the difference between the total diet supplied and the quantity of refusals weighed every morning before total mix ratio distribution. The individual BW was registered and monitored weekly. The average daily gain (ADG; g/day) was calculated per week and an average value was finally considered for each treatment. After these determinations, the feed conversion (FC) was calculated from the ratio between the total DMI and BW gain. Once the animals had reached 32.5 ± 0.7 kg BW, they were fasted for 16 h and then slaughtered on different days, following the methods of Welfare Animal, where the animals were rendered unconscious by electric shock and bled. The lambs were weighed again to obtain the slaughter body weight (SBW) and to determine losses caused by fasting (LF). After bleeding, skinning, and gutting of the carcasses, both the full and empty gastrointestinal tracts (EGT) were weighed to obtain the weight of gastric contents and the empty body weight (EBW). After this, the carcasses were weighed to measure the hot carcass weight, which was used to determine the hot carcass yield (Castro et al. 2017) . The carcasses were then chilled at 6°C for 24 h, after which they were weighed again for the cold carcass weight (CCW). These values were used to determine the cold carcass yield, weight loss from cooling, and biological yield, using the previously measured EBW.
After being processed, the carcasses were used to determine the weight and yield of commercial cuts. For this evaluation, the carcasses were split lengthwise and the left half was divided into neck, shoulder, rib, loin, and leg cuts. Using a digital caliper, we took some measurements of the longissimus thoracis muscle between the 12th and 13th thoracic vertebrae, obtaining measures of the maximum muscle length (A), the maximum muscle depth (B), the minimum thickness of subcutaneous fat over the muscle, and the grade rule (maximum thickness of subcutaneous fat on the surface of the 13th rib at 11 cm from the midline, lateral to the spine). With these measurements, we calculated the loin eye area with the ellipse formula [(A/2 × B/2) × π] (Silva Sobrinho et al. 2003) .
The economic evaluation considered variations in the costs and revenues for each treatment according to the partial budget methodology (Hoffman et al. 1992 ). The analysis compared the current situation (Control) and alternative scenarios (other treatments) and was calculated as follows:
where 1 is the increase of revenues, 2 is the decrease of expenses, 3 is the decrease of revenues, and 4 is the increase of expenses. In this evaluation, only fed costs were considered. Ingredient prices were obtained by quotation in the same region of animal production (northeast São Paulo State) during July to September 2015. Prices for the roughage and corn silage were obtained from Anualpec 2014 (Instituto FNP 2014) . To determine the feed costs, the ingredient prices plus concentrate production costs (manufacturing process) plus roughage cost were considered.
The revenues were measured by sale of live (US$1.86/kg BW) or slaughtered (US$4.13/kg carcass) animals, where US$1.00 equals R$3.54 (Brazil). These values were similar to those of São Paulo State (UNICETEX, 2015) during the same period described above.
The experimental design for the four treatments was a completely randomized one (3 degrees of freedom). The model used was Y ij = μ + t i + e ij , where Y ij is the dependent variable subject to treatment i and repetition j, μ is the overall mean, t i is the effect of the treatment, and e ij is the residual experimental error. When significant, the means among treatments were compared using Tukey's test with 5% significance. The General Linear Model of the SAS software (SAS 9.1, SAS Institute Cary, NC, USA) was used.
Results
The data, Table 2 , on animal performance did not differ among the treatments evaluated in this research (P ≥ 0.37). The same was true for the quantitative carcass characteristics (P ≥ 0.07). However, it was possible to consider a trend from the variable EBW results (since its P value of 0.07 is close to 0.05), where treatments with CG included (CG25 and PMCG) resulted in higher EBW values than those obtained from the Control and PM20 treatments.
The commercial cuts and yields evaluated did not differ among the various biodiesel co-product treatments (P ≥ 0.09) ( Table 3) . Data collected on the longissimus thoracis muscle also did not result in significant differences (P ≥ 0.07). However, similar to the quantitative carcass characteristics, measurement B (P = 0.07) showed a trend, being shorter in the Control group (mean 2.77 cm) than in the other groups fed the biodiesel co-products (mean 3.12 cm).
The partial budget evaluation (Table 4) revealed that the best treatment relative to Control treatment was PM20 in both analyzed cases (i.e., sale of live and slaughtered animals). These evaluations resulted in profitability above US$2.83 in both scenarios. The worst results were obtained with the combined inclusion of biodiesel co-products (PMCG) but were still better than those of the Control treatment.
Discussion
Animal performance was similar among the treatments evaluated (Table 2) , probably due to the equal compositions of the diets (CP, ME, and roughage-to-concentrate ratio). The diets used in this study were calculated to animal requirements for a daily gain of 300 g with a DMI close to 1.20 kg (NRC 2006) . However, the DMI resulted in every treatment being below the recommended value. If considering NRC (2006) recommendations, our animals needed to consume above 3.0% of their BW. However, the results were close to 2.0% BW. The low DMI was likely caused by a chemotactic volume-filling effect, which occurs in diets with a high ME and low fiber composition. According to Allen (2000) , a possible cause of this kind of filling effect is the volatile fat acid concentration (mainly acetic and propionic acids), which results in a repletion state.
If assuming that the ADG in ruminants is directly associated with their DMI, then the similarity in DMI values among the different treatments would not result in differences in the ADG values. Other critical factors causing the ADG results are the composition and nutrient value of these diets, which were close among the four treatments (CP 17%; ME 11.3 MJ/ kg DM). Thus, the similarity among the feeds with or without biodiesel co-product inclusion could determine the possibility of their use for maintaining or improving animal performance.
The standard of the animals and the absence of differences in their performance were responsible for the results on the quantitative carcass characteristics. These results are important in the evaluation of new diet ingredients, because they have a high relationship with meat production and, consequently, the economic returns. Thus, since the quantitative carcass characteristics were similar among the treatments (Table 3) , we can affirm that both biodiesel co-products are useable in animal feed.
The trend observed with the EBW (P = 0.07) could be caused by changes in the size of the gastrointestinal tract, if considering that EBW = SBW − EGT, and that the diet digestibility could change the morphology of the gastrointestinal tract. CG is highly digestible owing to its chemical composition of mainly glycerol (Abughazaleh et al. 2011) . In view of the fast fermentation within the rumen, this higher digestibility of CG relative to that of corn grain could cause a decrease in the size of the gastrointestinal tract, resulting in the higher EBW values in the CG25 and PMCG groups (27.56 and 26.82 kg, respectively). The use of animals of the same age and breed can explain the absence of significance among the treatments for the commercial cuts and yield variables.
The economic evaluation, conducted independently of statistical analysis, resulted in two evident situations (Table 4) . When considering diet costs, independent of units (US$/kg DM, US$/day, and US$/animal), PM20 treatment consistently gave the best results, which were smaller than those of the other treatments. Basically, PM20 was 20% cheaper than the other means of treatments for these costs. With regard to the sale of these animals, both alive and slaughtered (US$/head), the highest revenues (US$1.68 and US$2.89 for live and slaughtered animals, respectively) were observed with CG25 treatment.
The economic results were determined to find the better biodiesel co-product for animal feed. Considering that the animals were fed for 61 days on the feedlot, the diet costs using biodiesel co-products were less than those of the Control treatment. Of the treatments with co-product inclusion (PM20, CG25, and PMCG), the best was PM20 because the diet cost (evaluated in US$/day) was US$0.04 cheaper than that of the second best treatment (PMCG). This was likely because the replacement of soybean meal (US$0.38/kg) with PM (US$0.28/kg) results in a greater decrease of costs than those resulting from the replacement of corn grain (US$0.17/ kg) with CG (US$0.09/kg). Although PM20 reduced the diet costs, this treatment was not better in terms of revenues. Considering the two revenue sources, from specific data found in this study, the best treatment was CG25. The main cause of these higher revenues was the low LF, which resulted in higher EBW and consequently higher CCW values, measurements associated with the sale price. Therefore, after accounting for revenues, we calculated the net change of partial budgets by comparing the PM20, CG25, and PMCG treatments with the Control treatment (considered standard). The economic results showed positive values for all three biodiesel co-product treatments, indicating them to be better than the Control treatment. However, the best of the three treatments was PM20 because of its higher values in both sales of live and slaughtered animals. Thus, in concordance with the study of Barros et al. (2015) , we observed the benefits of using biodiesel co-products in animal feed. However, prior to recommending the use of these new ingredients, a key point is to ensure standardization of these products sold by the agroindustry.
In summary, in this scenario, PM and CG added alone or in combination into the lamb diet did not change the DMI and consequently did not alter the animal performance and quantitative carcass characteristics. Because they are cheaper than traditional ingredients, biodiesel co-products, especially PM, would result in better economic results. Compliance with ethical standards Statement of animal rights All applicable international, national, and/ or institutional guidelines for the care and use of animals were followed. The protocol used in this experiment was in accordance with the National Council for Animal Experiments Control (CONCEA) guidelines and was approved by the Ethics Committee on Animal Use (CEUA) of FCAVUnesp/Jaboticabal Campus (Protocol #022014/13).
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